Background: Eye-tracking has been used to investigate social perception in autism spectrum disorder (ASD) with variable results. This heterogeneity may be due to the types of stimuli used. In this study, we investigated whether the use of moving vs static stimuli or human actors vs cartoons characters would be more sensitive in detecting gaze abnormalities and discriminating children with ASD from typically developing children. Methods: We studied 18 children with ASD (mean age = 12.9 ± 2.9) and 21 typically developing controls (mean age = 11.3 ± 2.5). Gazes were tracked using Tobii-T120 eye-tracker. Four different types of stimuli were presented: movie with human actors, cartoon movie, picture with human actors and cartoon picture. To identify the type of stimuli that best discriminate the ASD group from the control group, a two-way ANOVA was performed using ecological dimension [human-actors/cartoon] and presentation form [movie/picture] as factors. Results: Children with ASD presented significantly less fixations to eyes and faces in the movie with human actors and in the picture with human actors. Children with ASD also presented significantly more fixations to non-social backgrounds in the movie with human actors and in the cartoon movie. A significant ecological effect was observed for the reduction in fixations to the eyes [human-actors > cartoon]. A significant presentation form effect was observed for the increased fixations to the non-social background [movie > picture]. Conclusions: The direct comparison of gaze behavior across four different types of stimuli demonstrates that gaze abnormalities in ASD depend on the type of stimuli that is used. Our results suggest that general gaze abnormalities in children with ASD are better detected when using dynamic stimuli, and finer details of these abnormalities, especially looking less to the eyes, are better detected in a more ecologically relevant situation presenting human characters.
INTRODUCTION
The most common clinical sign of autism spectrum disorder (ASD) is social-interaction impairment, which is associated with verbal and non-verbal communication deficits and stereotyped obsessive behaviors [1, 2] . One of the most striking manifestations of social-interaction impairment in ASD is abnormal eye contact during social interactions [3] [4] [5] .
For several years now, gaze abnormalities can be quantified using eye-tracking technology [6] [7] [8] . This methodology has been used to investigate gaze and social perception processes in autism, although the results have been somehow inconsistent. Several studies have described gaze abnormalities in subjects with autism when compared to typically developing controls [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , whereas others found no differences between groups regarding gaze patterns [14, [18] [19] [20] . These studies were performed using different populations and a variety of stimuli, which may account for the observed heterogenity of the outcomes [7, 21] .
The first study to use eye-tracking technology in autism, published by Klin and colleagues in 2002 [10] , was performed in a group of 15 high-functioning teenagers and adults with ASD. They used scenes from the film Who's Afraid of Virginia Woolf as dynamic stimuli to study differences in gaze pattern. This study showed that subjects with ASD looked to the eyes significantly less than the typically developing controls and looked significantly more to non-social background areas in the scenes.
Subsequent to this work, a number of studies have used eye-tracking methodology to better characterize social cognition in autism [7, 21] . For this purpose different strategies were used varying from passive visualization of social scenes to more complex cognitive task performance. Concerning passive visualization, a large variety of stimuli was used including dynamic or static stimuli ranging from human actors to cartoons. Here, we will focus on these passive visualization eye-tracking studies in autism, with emphasis on the characteristic of the stimuli which was presented (movies, pictures, human actors or cartoons).
In a group of children and teenagers with ASD, Speer and colleagues used both dynamic (movies) and static (photos) stimuli created from the film used by Klin and colleagues (Who's Afraid of Virginia Woolf). They described a significant decrease in visual fixation to the eyes in participants with ASD compared with the matched controls but only in a two-character interaction dynamic scene and not in other types of stimuli [14] .
Riby and colleagues also used movies as stimuli in an eye-tracking study with children and described that children with ASD looked less to the face of characters and more to regions outside of the social areas than typically developing children regardless of whether the stimulus was a movie containing human actors or cartoons [15] . Interestingly, differences in gaze patterns to the eyes between the two groups were reported only for movies containing human actors. A different study of adults and children with ASD using movies with human actors as stimuli showed that adults with ASD looked significantly less to the eyes than the matched controls did, but no significant differences were found when comparing children with ASD to control children [18] . In opposition to this result, using movies with human actors, Jones and colleagues described that very young children with ASD looked significantly less to the eyes than control children [12] . More recently, a study using a naturalistic interaction paradigm showed that children with ASD looked significantly less and for shorter amounts of time at the face of the adult interacting with them than their typically developing counterparts [22] .
In studies using pictures of cartoon characters [19] or pictures of human actors [20] , van der Geest and colleagues found no significant differences in gaze patterns between a group of children with ASD and a matched control group. In contrast, a different study, which also presented static pictures of human actors to high-functioning adults with ASD, determined that the adults with ASD looked less to core features of the face (e.g., eyes, mouth and nose) than a group of typically developing controls [16] . This type of result was also described by Riby and colleagues [9] in a study of children using static pictures of human actors. In this study, children with ASD looked significantly less to the eyes than children from the matched control group. In a subsequent study from the same research group, pictures of cartoon characters were used, and children with ASD looked less to the face and more to areas outside of the face than the matched controls did [15] .
Thus, although eye-tracking studies of social perception in autism have led to the identification of abnormal behaviors when accessing social information that are characteristic in subjects with autism, the results remain heterogeneous. This heterogeneity is even more evident in studies concerning child populations. One reason for this inconsistency may be that these studies differ widely with respect to the type of stimuli that were used (e.g., movies, pictures, human actors or cartoon characters). This leads to the question of which type of stimuli would be more appropriate for studying social perception in children with ASD. Even though some studies have considered this issue by presenting different types of stimuli to the same subjects, they have obtained their results for each type of stimulus independently but without a direct statistical comparison across stimuli.
Therefore, the objective of this study was to investigate the four main types of stimuli (i.e., movies with human actors, pictures with human actors, cartoon movies and cartoon pictures) usually used in social perception studies in autism to determine the stimulus that is most sensitive for detecting gaze abnormalities and best discriminates children with ASD from typically developing children. To our knowledge, no previous study has directly compared the use of these four types of stimuli, and thus, this study may provide an important methodological foundation for the development of future protocols for studying social perception in autism.
with dedicated units designated as reference centers for autism by the French Health Ministry. Children were diagnosed according to the DSM-IV [23] and ADI-R [24] criteria for autism, and diagnoses were performed in these units by a multidisciplinary team, including child psychiatrists, child psychologists and speech therapists, during 3 -7 days of extensive evaluation. Children in the ASD group had a mean chronological age of 12.9 (sd = 2.9) and a mean IQ of 93.9 (sd = 18.8). Twenty-one typically developing children were recruited using an advertisement, and the mean age of this group was 11.3 (sd = 2.5). There was no significant difference between the mean ages in the two groups (p = 0.28). All children had normal or corrected-to-normal vision.
The study was performed in accordance with ethical and legal guidelines. Necker Ethics Committee approved the study and all children had written informed consent of their parents to participate.
Stimuli and Settings
All stimuli were taken from commercial films for children: the Peter Pan™ film and Peter Pan™ cartoon. Four different types of stimuli were created: a segment from the movie with human actors, a segment from the cartoon movie, a picture taken from human actors movie and a picture taken from the cartoon movie.
To make possible a direct comparison of the four different stimuli, the duration of the data analyzed for each stimulus was the same (5 seconds). Human actors and cartoon pictures were presented for 5 seconds each and were extracted from the 5 seconds respective movie segments. In order to display an entire social interaction, movie segments where presented for a longer time. The four different stimuli were presented in a randomized order.
These four types of stimuli were used to quantify gaze behavior in children watching social scenes with different presentation forms [movies/pictures] and different ecological dimensions [human actors/cartoon].
The experiment was performed using Tobii T120 Eye Tracker equipment consisting of a 17-inch TFT monitor with a resolution of 1280 × 1024 pixels, on which the stimuli were presented and from which gaze behavior was recorded simultaneously. The eye-tracking system is completely non-invasive with little indication that eye movements are being tracked, and artificially constrain head or body movements are not required. The system tracks both eyes to a rated accuracy of 0.5 degrees with a sampling rate of 60 Hz. The Tobii equipment was connected to a HP Pavillon dv6 laptop computer (Windows 7 Professional) that was used to run the tasks.
The participants were tested individually. The entire session lasted approximately 10 min. The participants were seated facing the eye-tracking monitor at a distance of approximately 60 cm with the experimenter sitting next to the participant to control the computer without interfering with the viewing behavior. The participant was told they would see different types of movies and pictures. A calibration test consisting of 5 registration points was performed before each set of stimuli. The calibration was repeated if one of the 5 points was not valid. The participants were asked to look at the movies and pictures as they were presented on the screen, and no further instruction was provided. Each participant was debriefed at task completion. Stimulus creation, calibration procedures, data acquisition and visualization were performed using the Tobii Studio™ Analysis Software.
Data Processing and Statistical Analyses
Data were analyzed using the Tobii Studio™ Analysis Software. For each of the four stimuli, areas of interest (AOIs) were drawn to investigate fixations to specific regions. Face AOIs were marked with an oval shape covering the face region. All areas outside of the face AOIs were considered as the non-social background AOIs. To further investigate fixations to the face region, rectangular-shaped AOIs were designated at the eyes and mouth.
Two gaze parameters were analyzed: the fixation count-the number of fixations made inside an AOIand the total fixation duration-the addition of all fixation durations recorded within an AOI. A fixation event was defined as such by the tobii fixation filter when the point of gaze remained within 0.5 degree of visual angle for at least 100 milliseconds.
In order to investigate whether the detection of putative social perception abnormalities in autism is related to the type of stimuli presented, we have analyzed gaze parameters of children with ASD and control children during visualization of social scenes across four different types of stimuli. Since variation in gaze parameters absolute values in each AOI were observed in control subjects due to intrinsic characteristics of each stimulus (see Table 1 ), absolute values of gaze parameters were not appropriate for statistical analyses across stimuli. Therefore, the data obtained from the ASD group wes normalized into z-score values relative to the data obtained from the control group.
These normalized z-score values were analyzed using one-sample t-tests, and two-tailed p values < 0.05 were considered as abnormal gaze patterns in the ASD group. Because significant differences were only found for the fixation counts, further analyses were performed using only this parameter. To identify whether certain types of stimuli better discriminate the ASD group from the control group, we performed a two-way ANOVA using the ecological dimension [human actors/cartoon] and pres-in the mouth AOI in children with ASD (p < 0.005). No significant differences were found between the two groups for the cartoon picture. entation form [movie/picture] in the four AOIs (eyes, mouth, face and non-social background) as factors.
RESULTS
In the eyes AOI, the two-way ANOVA revealed a significant ecological effect [human actors > cartoon] (F (1, 68) = 5.94; p = 0.017) without a significant presentation effect (F (1, 68) = 0.71; p = 0.402) and without a significant interaction (F (1, 68) = 0.15; p = 0.288) (Figure  1(a) ). Table 2 shows the normalized z-score values of fixation counts in the ASD group. Children from this group presented significantly fewer fixations to the eyes and face AOIs in the movie with human actors (p < 0.005 and p < 0.05 respectively) and picture with human actors (p < 0.005 and p < 0.05 respectively). Children with ASD also presented significantly more fixations to non-social background AOIs in both the movie with human actors (p < 0.05) and the cartoon movie (p < 0.05). In the cartoon movie, fixations were significantly decreased only
In the non-social AOI, the two-way ANOVA revealed a significant presentation form effect [movie > picture] (F (1, 68) = 5.72; p = 0.019) without a significant ecological effect (F (1, 68) = 1.93; p = 0.169) and without a significant interaction (F (1, 68) = 1.10; p = 0.298) (Figure 1(b) ). 
DISCUSSION
The objective of this study was to investigate which of four different types of stimuli (movie with human actors, picture with human actors, cartoon movie and cartoon picture) would be more sensitive in detecting gaze abnormalities to better discriminate children with ASD from typically developing children. For that purpose, two different effects were tested: an ecological dimension effect [human actors/cartoon] and a presentation form effect [movie/picture]. A direct comparison of the four different types of stimuli confirmed the main hypothesis of this study that gaze pattern abnormalities depend on the type of stimuli. This dependency on the stimulus type may explain a certain extent of the heterogeneity observed in previous publications that have used eye-tracking to study social perception in autism.
As first main result of this study, a decrease in the number of fixations to the eyes was detected in children with ASD only in the ecological stimuli (movie and picture with human actors) but not in the cartoon stimuli (movie or picture) (Figure 2) . Furthermore, the two-way ANOVA demonstrated a significant ecological effect. This analysis showed that number of fixations to the eyes in the ecological conditions was significantly different from number of fixations to the eyes in the non-ecological conditions. Therefore, ecological stimuli displaying human actors are more sensitive in detecting gaze abnormalities to the eyes in children with ASD than nonecological stimuli, such as cartoons.
The results concerning the ecological dimension effect corroborate most of the results from previous studies using human pictures [9, 16, 17] or human actors movies [10, 12, 14, 15, 18] that reported significantly diminished gaze to the eyes in subjects with autism when compared with typically developing controls. It is also supported by recent findings of identified abnormalities in gaze during naturalistic social interactions [22] . However, the present results disagree with results from some studies using human pictures as stimuli [14, 20] , which found no significant differences between subjects with autism and typically developing controls and with the study by Nakano and colleagues [18] , which used human actors movies and found no significantly diminished gaze to the eyes in children with ASD.
As second main result from this study, an increase in the number of fixations to the non-social background was detected in the ASD group only for dynamic stimuli (movie with human actors and cartoon movie) but not for static stimuli. In addition, the two-way ANOVA detected a significant presentation form effect. This analysis showed that number of fixations to non-social background in the dynamic conditions was significantly different from number of fixations to the non-social background in the static conditions. These results suggest that dynamic stimuli are more sensitive than static stimuli in detecting gaze abnormalities when concerning a preference for non-social features in a scene.
The results concerning the presentation form effect also confirm results from previous studies that used dy- namic stimuli with human actors [10, 13] or cartoon characters [15] and reported significant differences between subjects with autism and typically developing controls with respect to gaze outside of social areas. The results of the present study also agree with results from studies that used static stimuli and found no significant differences between groups concerning gaze to the non-social background area [9, 14, 20] .
The results presented here suggest that general gaze abnormalities in children with autism are better detected when using dynamic stimuli. In addition, finer details of these abnormalities, especially looking less to the eyes, are only detected in a more ecologically relevant situation presenting human actors. Looking less to the eyes in an ecological situation may have a critical impact on the development of social skills in children with autism [25] [26] [27] . Since the eyes are a critical source of socially relevant information, if a child has less experience observing the eyes of others, this child is very likely to develop less expertise about social cues conveyed by the eyes, with cascading effects on further socialization. Such a capacity is a prerequisite for higher-level appreciation of the minds of others and is part of the larger cognitive domain of theory of mind and social cognition, which is severely impaired in autism.
When cartoon stimuli were used, the results showed that children with autism did not differ from control children with respect to gaze to the eyes. Interestingly, this observation may indicate that in this less ecological situation, children with autism can more easily access core social information from the eyes. If confirmed, this finding can support the development of new therapeutic strategies for improving social perception in children with autism.
CONCLUSION
Eye-tracking is becoming established as an important method in cognitive neuroscience research. For example, the use of eye-tracking in autism research can help to better characterize group phenotypes for brain imaging or genetic studies. In addition, eye-tracking studies could be used as an objective parameter to evaluate the impact of new therapeutic strategies in autism. For this reason, a precise methodology for social perception studies using eye-tracking in autism is necessary. Importantly, this study provides the first experimental evidence that detection of gaze abnormalities in ASD depend on the type of stimuli that is used.
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